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.Abstract Objecriven: To mea.sure duel compare the 
urmary coiinine eunceiitraticin iL'-cotinmei iti non¬ 
smoking cabin uiiendanis iC \) working sciih the 
Scandinavian .Airlines Systern. bei’orc and at'ier ■.cork. or. 
intercontmentut rlishts \itih expo-ure lo criMronnientai 
lobacco vinoke lETSi. Methods; The aiidy materia: 
consi.steJ iif 24 cabin aiiendams and one pilot, ah 
volunteers and all tvithou; exposure to ETS In the 
home, working on IS imereontmentai .lights, ini'or- 
malion on age. gender and occupation was gathered, as 
well as pyisslhle soarces ol' ETS evi'O'ure ;n other 
places. v'Lilside work and during prc’.uno rhghi.,. during 
a .'-day period prior t.t tite irive'tig.ition. (. 'ine samples 
were taken bciore uep.ir:ure .uilI .itter i.mding. or. 
board, ana '-.re keptj^o/ett i-2i) 'C.' imiii .maKsis 
Cotinine was analyzeixh;. a pre\!OUsi\ diwelopcul gas 
chromatographic method, using mass spectrometry 
(.MS.1 with selected-ion mcnitoring ibl.Vll, The dirter- 
ence in L-cotinine before and after the flight was 
compared. Moreover, the change in L-coiinine during 
the flight was related to occupation (work m the for¬ 
ward Or aft galley! and observed degree ot’ smoking 
during each flight. Results: The median L'-cotmine was 
3.71 )ag g ^Tea; 2.4 uc ! (unadmstedi (interquartile 

range Z.W-k.b'pag creat before departure, and 
6.37 pg gcrea; 7.1 pg.I (interquartile range qg.g 
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creai after Linding. a signiflcant difl'e.-ence [P e P.ilP.’i. 
C in the aft galley bad a signitiCLintly higher con¬ 
centration of L-cotinine after landing than subjects 
working in the Iron: of the aircrai't tP ~ u.dl i Jn C ■\ 
working in tlic aft galfey, the median incrca.se .it' L- 
cotinine ".is .'-.b' eg g crcj; .T2 .us I (interquartile ranee 
11.1)4-1.7.S iig g ereat during flight. In contrast, those 
-ewen subwcis working in the forward pan of the air¬ 
craft had no increase in L'-cotmine during the flight 
imedian increase t),47 s; crea: 0.5 m= ! interquartile 
range n 2” 2 65 ug g creai. Cimilusion: Tobacco 
snicking IP c.'ifimercial aircraft may cause signlflcant 
exposure to emironmenial tobacco .smoke amune C .A 
working in 'he aft galley, despite high .ur exchange 
rates and spatial separation between smokers and non- 
smokers. agrees with earlier studies, as weil as 

measurements on the aircraft, showing a higher degree 
of ETS-related air pollution in the aft galley than in the 
forward galley. The average cotinine corcentruiion in 
urme was similar to that in other groups svith occu¬ 
pational exposure to ETS. e.g.. restaurant staff, police 
interrogators and office workers. Since smoking in 
commercial aircraft may result in an involuntary ex¬ 
posure to ETS among non-smokers, it should be 
avoided- 

Key words Nicotine ■ Cotinine .Aircraft Commercial 
airline crew .Aerospace medicine ■ Environmental 
tobacco smoke Indoor air quality 


introduction 

The future growth of aircraft transportation on a global 
basts is estimated at 5% per year [16). and worldwide 
nowadays more than 1,000 million people are trans- 
poned by aircraft annually (24), Many have the aircraft 
cabin as their work environment. The number of com¬ 
mercial cabin attendants (C’A) in the world is 250.000. 
each spending an average work ttme of about 900 h per 
year in aircraft [15], 
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The COriL’crn abi Ui t.'n'.'iri.''nmcr.Li: U'flav.'..'',' 

;ETS) as a vsorkpiace haziird ha> l^c^o.t^ed ilunnL’ il'.e 
piisi dicade. muini> bt.'L'au:'e oi ihs increased risk oi lur.a 
cancer and cardiovascular problems In addiuon. 
ETS exposure max utTeci usthiruiic people Ifi] and cau'c 
ocular and nasal effects among passengers and C A in 
aircraft [19. 21], and tan be the cau^se of "sick budding 
syndrome" [17. 25, 2b. 34], The cabin in commercial 
aircraft i.s densely populated, and exposure to ETS max 
occur if smoking I.s allowed [.'. 5. 9, 21. 22. 2.''’. 24!. The 
e.xposure to ETS on commercial passenger flights is t.>- 
day a debated issue. In aircraft, srtioking and non¬ 
smoking passengers are usuallx separated into ditferent 
sections to reduce the risk of involuntarx ETS exposure. 
Air movements in the aircraft in combination with re¬ 
turn air systems may. however, cause involuntary ETS 
exposure on board. Some measurements of ETS expo¬ 
sure among passengers are available [9. 21. 22. 23]. but 
few inx’estigaiion.s are available where the degree of ETS 
exposure among C .A has been studied h\ biological 
monitorirg [1 1). 

Tobacco contains nicotine, xxhich is metabolized to 
the mam mciaboiiic cotmine [2], This compound o 
nowadays widely used .is a speeme hiologital m.irker of 
exposure to tiihucco smoke [l_'j Nicotine hav .i ^hori 
half-lilc in biological tissues, and o therelorc a ine.oure 
only of xery recent exposure to ETS [Id. l.'|. In Cvmtra-.t. 
cotininc ha' a long biological half-life i.iboui |s hi. and 
can he determined in plasma or serum i.'Hi m urine 
|I.T .'41, Hi -.alivu i4| and in hair ['I, .Ntca'urcnieii: o| 
eoiinine m iinnc h.i' been used to qu.in:;l'. 1 I n cxpc'- 
.>ure among .iduJi non--.moker' both m tiie hivnc e.-tv;- 
ronment (2tl. 29. .M-. .'’-'tL^d in vxork en\in'irmicii!--, c.g.. 
bar,' and re'l.iur.iiU', tne poliec torce. .mJ m .';;:c.' : 12 
14. Ik. .'^2], Some earlier inxeciigutioii' have 'ludied 
cotinine excretion in urine jn aircruli passenger' |2l|. hut 
little Is known about urmarv coiinine conceniraiioti il - 
coiimnci among ntni-smoking C .A ami piloi' 

The aim ol our ,'luJy was to measure .iik! ^omp.irc 
I’-cotminc in non-smokmg C A. belorc .ind ai’lcr work 
on inicrconiincntal tlight' with cxpo'urc lo ETS 


Subjects end methods 

The msesiiaaiinn «a' perlornieJ .o .i p.iri oi a i.upe' r-raieci an 
hxcienic and medic.il aspeci' ol' ihe cabin jir cuaiip dii.nng inter- 
eonlinental commerci.il ttjghl' 

Subjeci' 

.All invcsiiBaiinri'. were made m the same ivpc of airerali. operated 
by the Scandinavian Airlines System (S.ASl, On each fticht. there 
are always seven C .A and three pilcuv m-fligbi The Purser, siew- 
ards ahd one air hostesst-hosu work mostly uuh forward passen¬ 
gers based in the forward galley. The other three C A work wnh 
passengers based in the aft galley .Ail C A and flighi deck crew on 
I.s intercontinental flights were mi'ormed ol the projeci Non¬ 
smoking C .A living in dvselhng' vsiihoui any acuve smokerv wer-.- 
inviied lo participaie in ihe siudy The vmdy wav performed from 
November Idps March Idd". m associaiion vsuh routine hvgiene 


i.r::.f. t X .m.i . ■ •• 



smoking habits, use c-f s.mili or nusnme chewing fium. .ind powibic 
evpo'ure Ic ET.S ;n Jiti'L'.'cn; (ocam'iis daring .i .Tda;. pe.'iud rn^ir 
the ime-iig.u;, r. Inti'rni.in-'n on E fS evpo'ure or e.iriitr flight' 
during me previou.s .'-djv perk'd w.is gaihere-c Iron; curreni crew 
'Cheduies During the siudy pera'd. sm,.‘k!ng was .lijowed s'h all 
inierconrinenud riieh;. .md ioneer t-.iror'C.ir. fl-ehi' b-.i: pronibued 
on vdi rlic-hi' .vii.hin sc,i.ndin.o..i and bel-.ieen .Scj,-idi;:.u.-.i 
turope.in ue'linauons n.srth of the -Mp.- Inl'orm.itior. on ihc 
number oi pa.ssengers w.is gjihered from ihe pas'encer lisis. and 
,'ccurrence o: smoking -.T. hoard w.is observ-e-d "s the OsCup.iiion.i! 
hygienist performinc ihe invesiigaiion. Smoking on 'ooiird w.i- 
crudely cijssihed inio ihrer caieaories: few smokers! ■ 'In. norm.ii 
number ol snk'kers (2o .'Ui. and many smokers i - .till In .iddiiu'n. 
inlorm.ition on occupaiii'n and workplace locjtKm during the fligiv 
•forward galley, aft galley or bolhi was gathered for e.ich individu.ii 
L rine samples were .'btuined on board, before Jep.iriure and 
after landing, and wer-c kepi frozen i-2 'Ci until analysis (.'I'linmc 
iC .AS nil -isti .sfv tsi wav analyzed by j prc'iuuvly 'Lteiea'peo g.i' 
chromalv'-gr.ipnis ikK ' method, using mu" spcclrs-meiry iMS' 
with selected-ion ini'iiiioniig iSI.XIi [2') The .mei.hiid is hiiscd on 
ri.isic e.vir.icti-vn ol colinine from 2 mi of urine, inio Jiciiforo- 
meihanc Viler -ev.ipi'.uUK'n v'f ihe dichioromeih.ine soiuiisin lo 
drvne's. 1 o.. i,| .ii'i.Cuene w.is .(ddeU. pri.'r i.i ihe CsV -NtS .in.-.t\ '> 

'! rideuier.iied ci'linine iti'-VS Ni- u~r,f ,4 s.s si ss.i, u-ed .i- .ir ni- 
lernai 'VinJ.iiJ Moic.j.ar ion''Mi s'f ci'lmine .iiid irideuiei .li.c 
'OUnine lu-n m.iss ch.irgL-im ei • I'n and I "'ll were insniuores! in 
i.he electron i-iip.ic. lEh mode, .ind ri e ; i“" tXl - 1- .nisi m ,- 

i'll iM ■ ; ‘ in Ihe chemie.il is'nizalion !(.‘lr mode with isohauirie 
Ihe 't.inu.iisi devi.iii.sn of the meihod w.is , .md the minm-ain, 
de-e-'.T'le, l eeaiMi..'”, loiiig SIM. w.i- 2 ug i in ihe E! nede .m.i 
o 2 ug I in 'he v f itV'de X reaiihihe in ihe urine '.inipies w.is .in.i- 
'--■■ed .c U.e .len.ir:;:-.e:'. .c (. Iiiuc.i. k neiidsiry. L niveisi'y hlospi;.;, 

I i.iid. tv.ieuci; i2"!. and cre.iiinine-.isl;usicj concentr.ii;,''.' ol 
coiinine in mine were c.deul.ued ,md gr.en as "ug g crea." t nad- 
..s'.-,; . 'nce:t!".c,.’n -. -f ..i '‘.ii’.me m urine w.w en.er: .i* 


Vircr.itt ch.ir. icier I ration 

I ne s.iine : .pe -h .uici.ili 'Boemg "h" .iiiiij, vsuh .i lol.i! number ol 
se.iis, u.i. awed ,ip jji ;]|gh(, fhe 'Hiv'ktni; ic,ii' lu toiinst si.i" 
■-ow - 2i ''Ui ,irc [i.c.iied ne.ir the .ifi g.illey and smokers m the 
i iir.'Ci.is, ir.'W' : ]"( .ire ioc.ited near ihe middle sectk'n 

r ne .liic:.!!: n.i- .i \enut.iIioii sysu-nr normally providing .ip- 
pr-'cm.iiel- S" ■ ire-ii .lii .iiid - recircuhiied air U' l!'.e p.i'- 
sciiger cabin S.'rm.i]iv. ihe air evch.mge rale should be ahinii 
'c-'-ei'i turnovers per hour of Iresh air in Ihe cabin, or iiboui in t of 
s'uidoor air per passenger and second. Occasionally, the piioi can 
shut v'lT the recircuiaiion tans for shoner periods, resulimg in a 
lull"-, fresh air supply and an air exchange rule of about 12 Is 
turntwers per h.'ur in the cabin The air exchange rate svn the flight 
deck IS ahv'ui wi iiirnovers per hour. The engines in flight supply 
the Iresh air The air tv condiiioned by ihe air-conditioning packs, 
and ozone is removed by pas,ving ihe frc.sh air through a caialyiic 
ozone convener The cahin air circulation system utilizes a pre- 
lilier for larger particles, a high efticiencv particulate air filler 
iHEP.Ai capturing particles cif ti..' pm and larger, and a charcoal 
tiller us remiwe volatile compounds. The air-condiiioninE system 
does ns'l coniain .inv air humidiiicaiion devices 


Staiisiical an.ilv'i' 

DilTcrs'iices in adiusiej L -coiinine ipg g creui before and alier 
tlighls were anabzed by the Wilcvsxvsn maiched-pair signed-rank 
lesi The M.inn-W honey ( -test vsj, used uv analyze dill'erences in 
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h; :ik:u .^..l^ .;n.i;,/;d r''. 


si.iusln..ll andl\-.ds aerj ptfriorn-.L'd a!;;'. :n-,' 'I'.i i-ii..'., . : 

:fie !'>F'SS^ .>'na ’ < -ladjv; ,: r ! 

'I'amridandtr ' 


ResuKs 

The medi.in age for .ill pdrncip>in!.' i.' m.sie ,iiKi 
20 female) "j> 41 ;.eaio iinter^juarnle ranee 4'>u‘ar'i, 
In toial IS C A worked in ihe aft part of the airer.ift. and 
6 C A and one pilot \wirked in the forward pan ol'the 
aircraft. The proportion ot maIe^ in each caiegor\, com¬ 
pared to all C ,-\ in ihe airline, is gnen in Table I 

-\ll the siibject.s were non-''mt'>ke['., lixine in dwellings 
without current snaokci'. and none used ^nutf I'r raC'.''- 
iine chewing gum. The median S. -eoiini;)e wj' 'i ug g 
erea i2,4 ug !i before depaiture .i.nd ^ ug e ere.i 
l7.1 ug I) al'ler l.inding. .i 'lenifie.u” ditrerenee iT.ih'e 7l 
4fie niatinuirn I -eotinine a .o ;'co .:g e cie.i ' .r-i T 
hel'ore deparlnre .mo 221 ,i-a e cT.m mar .iper 

landing The pih'i. wli.' ii.io o.o. ed die nichi :ii die crew 
hotel, had .'. ' pg g crc.i ’ -ig h I -cODnine hciorc 
lake-oil, and 2..'’ ug g cre.i i2 a ;.g ii .uier i.iUiSina, I lie 
IS C .A in iiie .Ilf gaile;. it.id .i ogmtv.in;;'. hieher eon- 



ot 1 

-cwijnijiv' tmh 

siihicct' w 

orkmg 

in ;he i.Tw.ird p.iv -a' 'i-c .iir-r.ili 

Table \ Ptm 

‘k, 


clfkpKlCC 

\m mi 

I^^MpMr:.-i'n - u lu.i.c- • i 

fOc'j(u''n 

'Uhjcvi 

la ■•■i: -.s.n In i \ n ;:ir ^ -aip.iii;. 

f tirv^jrJ 

- 

■'k 

\ft 

'• >; 


Tv>[jr' 


V' 1 

'-Siiiruricuni Jifferenc 

e jji 1 -wk>i;i5ine.' .ifier ijijoinc ^craccu su.ticc:' 

•v'.t’irkins: ir, r- 

>r\k .1 rj 

and -n" •>! ihc .::;Lf.s*: P i • n t; 


Mann-^VKunt';. I 



[ ;■< s.- '-k! ' 0 --L'il sUblCCi’' 'Av'rklC':^ ;f*. Lr.k.' 

■•‘i'Acirii h.id iii 

f -coiinine durine dre flieht iinedi.in increase o ^ 
-re.i ( 0.5 ug ;j. Hite.'-jii.irliie r.inge n.2" 2.(.if ug g creai 
l.'lciiMJii.ii data on personal J’aeiors. ivpe of rlieht.s. 
pre'. ions ETS evposure -ind eotinine m urine are given 
;n r.ihie 

I •e-'limne reioie departure did not Jiti'er cigmti- 
^aiitlv between cuhiects exposed or not e.xpO'Od to ETS 
in 'lights during the previous Ja>s, Moreover. 
L-cot;mne before dep.irture did not differ between those 
with or without possible exposure to ETS during lei.siire 
hours in the preceding da>s. TinalK. there wa.s a ten- 
denev toward a higher increase in L’-eotinine during the 
flight when there were more smoking passengers on 
ho.ird I Sp-e.irman’s rho -= n .'S: P — ifObi. 


Discussion 

< 111.'- m-.esag.ition demi,'nsij aied that loh.iceo smoking tr, 
‘'r!niere;,r; .n'er.iii m.tv e.iiise 'ignitieani e.vposure !o 
TTh .iiiiong A working m the re.tr pari ot the aircraft, 
dc-'piie high ,iir cxch.inge rates in the aircratf .ind spatial 
sc'p.iration heiwcen smokers and non-smokers 

In epideiTiiologiea! 'ludiC'. the results m-i> be mtlu- 
cnced bv selection bias or recall bias. Such bias can be 
r..ire pimhlematic in studies on disea.se st.itistics or 
ssniptom reporting th-in in an e.xpo.sure studs based on 
Isiologieal monitoring. Our study was based on crew 
oiianeers. restricted to siibiects who were non-smokers 
living in non-smoking households. For practical 
reasons, we did not have the opportunity to record ei¬ 
ther the number of e.xcluded subjects or the number of 
non-participaius notfulfiiling the selection criteria. Mean 
age and the proportion ot males were similar to the 
mean age Ml years) and the proportion of males (dO^o) 
->f all C A in the .tirline. according to employment sta¬ 
tistics t'rom the company. This indicates that the study 
material was representative, with respect to age and 
gender, i)l L' .A in the airline. 


Tabit 2 C iVininL*^ in untie ^ crejiijr.inei ;n t’liihi Hict’ore t.ikc*oir AnJ sitter landing = 25) 


VVorkpiace location 

No in -ludv 

1 -coimine helore uike-.ilV 

L’-cotitiine after landing 

Vfedian 

in[c^^uar[l[e ranee 

Median 

Interquartile range 

For\iard 

- 

: ~4 

iJ hj 4 2.^ 

3.54 

2.57-5 04'' 

Aft 

IS 

4 

2 43-2“^ 

12.: 

5.51-36.4--- 

Total- 


V“I 


6.37 

3.9«-I9‘’ 


“"Sigrtiftcafit dtfTerence m L -cotimns jUe: landing, when (.omparmg 
subjects working m J'oruurd and parrs <;!' ihcf aircraft 
(P = 0.001 by Mann-VVhnney t -tesr> 

"'SigniticaniU higher L'Cininine concentranori al'ier landing ihan 
befurc take-off i P - O.ffiib h^ Wiluoxon matched-pair signed-rank 
test I 


' Signihcantly higher t-coOnine concencranon aft^ landing chan 
before lake-off (P = O ffI by Wilcoxon maichcd*pair -^tgned^rank 
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rhc ii>u pri,iporiii.)n nt r^rtiLip.i-iii;: c. .\ lm 

ihs I'oruiird p.iri .'I ihi:' :;.v,k^-,oy. .m 

ovijr-tuuon siibieciri w-v^rkini^ sii [iiu purl of 

the jircnif't. (har ioi^^iud;. m.iienui nt.i'. 'hti-, le.id to in 
incre.siimatior. I'l HV jAeru^e hlS aniiniL’ 

C A. but this probiotn ika^ hLiniJieii h\ Jikidina ihe 
maienal mth rcspett to workplace loeaiutn iit the ,iir- 
erafl. 

AVe could not demonstrate any Mgnitieant intluenceof 
previous ETS exposure during earlier litghrs This could 
be explained b> the (act that we (ourid oniv moderate 
coll nine excretion immediaic!> after a onokine flight, 
even when the subject had worked in the most exposed 
pari of the cabin, \foreover. the crew had a service 
schedule with 1-3 days of vacation between the inler- 
contineniaS flights wuh ETS exposure, resulting in deeax 
of colinine from the body fluids. The lack of a sianirtcant 
relation between cotinine and estimated ETS exposure 
from restaurants during leisure time, when staying in 
hoieis abroad, could be due to lack of precision in this 
e.xposurc estimate. It is. however, also possible that our 
non-smoking participants chose to stay in locations with 
a low amount of ETS exposure even when staying in 
countries with a high degree of smoking in public places. 
Smoking in the crew bases is allowed in some of our 
depasture countnes (Denmark, Japan and China), but 
this exposure was not found to be related to U-cotinine 
levels before take-off. This is probably due to the short 
duration of stay in the crew base (about 1 h). on the way 
from the dw'ellmg or hotel to the aircraft. 


rhii-,. ■■VC tcund a signiheant increase m L -cotini-ic 
CiL.rmc flight ri'. .iiiione those worxing in the aft p.iri .'i' 
the aircratt. This is in agreement wiih our earlier hvgienc 
niea.'uremcnLs on the same type of aircraft, showiuc .i 
•higher degree o! ETS-reljted air pollution in the at: 
gallev than m forward gaitey [19]. The average colinine 
concentration in urine after landing (6.37 ug g crea: 

' I Ug I) was iitniiar to earlier studies on ETS-e.xposed 
iKXupational groups. Willers ei al. 133] found median 
L-cotinine of 3.1 ug 1 among ten police interrogators, 
lb ug i among rive restaurant staff and 5,9 pg.l among 
cji'e staff’. Skarping it al. |77] found cotinine levels of 
3t) ug I after car driving with smokers. Husgafvel-Pur- 
viainen e: al. (U], found a mean concentration of 56 pg 1 
in waiters working in restaurants in Finland. In our 
study the peak cotinine concentration may have been 
missed, thus the differences before and after the flight 
may have been underestimated [21j 

Three of our participants had initial U-coiinine levels 
indicating infrequent smoking or obvious exposure to 
ETS during the past few days. The maximuin U-cotinine i 
in our study was 219 pg/g crea (193 pg/l), within the 
suggested discriminatory values of 60-500 pg/l between 
smokers and non-smokers [I, 34}. All the other partici¬ 
pants were well below these suggested discriminatory 
values. Other sources of nicotine exposufe include some 
food, (primarily from the family Solanaceae), e.g. egg¬ 
plants. potatoes, tomatoes and some tea plants [3. 13], 
However, considering the average and maximum daily 
consumption. U-coiinine values from food are negligible ' 
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in Kmm c^'n'.L.inpin'n I'.iiicvn p:':--:' p .-r 
flight louM jxpi.un (he inere.i'e :;t !,-(.I'liriiite J-jrirj 
flight related to «ork :n tne r'.P''a.;rJ part ot' the airerai't. 

Since smoking m commercial aircratt ma;. caa-.a n- 
voluniary etiposure to ETS. it should he aAoidcd. rhi' 
in agreement '.\nh the conelu>ion' troni the tnieripi- 
tionui Civil Aviation Organi/aiion dC \(.)i arid tiic 
Aerospace Medical A'-socuiiion [Ihi. that all airline 
flights should he smoke Irce. 

\ckno»ledgements rhi' lir.niv 'a.n par-;;, -..rn-'-'.-c j'.ar.-. 

From The Swedish lAsuneii I'ar W.irkine R.-w,iie", rile ''VseJi-.s 
\ssoeijiion -leatnsi Asihma and Viierev laj T'-.e SweJ.'ii t --.iii- 
dation tor Health Care Seienees and MIere-. Re-.eareh 
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